
PACKET TRANSMISSION 

Field of the Invention 

[0001] The present invention relates to the transmission of packets in an integrated 
circuit comprising a plurality of functional modules interconnected via a packet router. 

Background to the Invention 

[0002] Computer systems and integrated circuit processors exist which implement 
transactions with the dispatch and receipt of packets. Request packets define an 
operation to be performed and response packets indicate that a request has been received 
and whether or not it has been acted on. The integrated circuit processor can comprise a 
plurality of functional modules connected to a packet router for transmitting and 
receiving the request and response packets. Generally, the design process is such that 
the architecture of a processor is designed and the functional modules which are 
required are determined. Then, depending on the nature of the functional modules and 
the requirements which their nature impose on the interface to the packet router, a 
packet protocol is developed to suit that processor. This makes it difficult to implement 
different designs of a similar processor, where perhaps a functional module with 
different interface requirements is to be added in. 

[0003] It is an aim of the present invention to provide a packet protocol which can be 
utilis e d utilized across a number of different projects and designs. Thus, the aim is to 
provide a packet protocol with compact encoding but which nevertheless has artifacts 
providing rapid decoding of important information about the packet. 

Summary of the Invention 

[0004] According to one aspect of the present invention there is provided an integrated 
circuit comprising: a plurality of functional modules interconnected via a packet router, 
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each functional module having packet handling circuitry for generating and receiving 
packets conveyed by the packet router; wherein at least a first set of said functional 
modules, acting as initiator modules, have packet handling circuitry which includes 
request packet generation circuitry for generating request packets for implementing 
transactions, each request packet including a destination indicator identifying a 
destination of the packet and an operation field denoting the function to be implemented 
by the request packet, wherein the operation field comprises eight bits of which a packet 
type bit denotes the type of the packet, four operation family bits denote the function to 
be implemented by the packet and three operation qualifier bits act to qualify the 
function. 

[0005] A further aspect of the invention provides an integrated circuit comprising: a 
plurality of function modules interconnected via a packet router, each functional module 
having packet handling circuitry for generating and receiving packets conveyed by the 
packet router; wherein at least a first set of said functional modules, acting as initiator 
modules, have packet handling circuitry which includes request packet generation 
circuitry for generating request packets for implementing transactions, each request 
packet including a destination indicator identifying a destination of the packet and an 
operation field denoting the function to be implemented by the request packet, wherein 
the operation field comprises eight bits of which a packet type denotes the type of the 
packet, four operation family bits denote the function to be implemented by the packet 
and three operation qualifier bits act to qualify the function, and wherein a second set of 
said functional modules, acting as target modules, each have packet handling circuitry 
which includes packet receiver logic for receiving said request packets and for 
generating respective response packets, wherein the packet type bit distinguishes request 
packets and response packets. 

[0006] In the integrated circuit described herein, the function in each request packet is a 
memory access operation. However, it will readily be appreciated that the protocol can 
be extended to provide additional operations as required by the particular design. 

[0007] In the preferred embodiment, one of said operation family bits distinguishes 
between primitive memory access operations involving a single request and response 
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and compound memory access operations involving a plurality of requests and 
responses. 

[0008] In the embodiment described herein, each request packet includes a data object, 
the size of which is denoted by the three bit operation qualifier. 

[0009] A further embodiment of the present invention provides an initiator functional 
module for connection in an integrated circuit comprising: an interface for supplying 
and receiving packets to and from the functional module, said interface being connected 
to a port for connecting the functional module to a packet router; packet handling 
circuitry for handling said packets and including request packet generating logic which 
generates request packets for supply to the packet router via the interface, each request 
packet having a destination indicator identifying a destination of the packet and an 
operation field denoting the function to be implemented by the request packet, wherein 
the operation field comprises eight bits of which a packet type bit denotes the type of the 
packet, four operation family bits denote the function to be implemented by the packet 
and three operation qualifier bits act to qualify the function. 

[0010] Another aspect of the invention provides a target functional module for 
connection in an integrated circuit comprising: an interface for supplying and receiving 
packets to and from the functional module, said interface being connected to a port for 
connecting a functional module to a packet router; packet receiver logic which is 
operable to receive request packets supplied from the packet router via the interface to 
the target functional module, each request packet having an operation field denoting the 
function to be implemented by the request packet, said operation field including four 
operation family bits denoting the function to be implemented by the packet, one of said 
operation family bits distinguishing between primitive memory access operations and 
complex memory access operations, wherein the packet receiver logic comprises means 
for detecting the status of said one operation family bit to determine whether the 
memory access operation is primitive or compound. 

[0011] A further aspect of the invention provides a method of implementing 
transactions in an integrated circuit comprising a plurality of functional modules 
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interconnected via a packet router, the method comprising: at one of said functional 
modules acting as an initiator module, generating a request packet including a 
destination indicator identifying a destination of the packet and an operation field 
denoting the function to be implemented by the request packet, wherein the operation 
field comprises eight bits of which a packet type bit denotes the type of a packet, four 
operation family bits denote the function to be implemented by the packet and three 
operation qualifier bits act to qualify the function; at the destination indicated by the 
destination indicator, receiving said request packet and identifying the function to be 
implemented from the four operation family bits and the operation qualifier bits; and 
generating a response packet for transmission to the initiator functional module, wherein 
the packet type bit distinguishes between request packets and response packets. 

[0012] For a better understanding of the present invention and to show how the same 
may be carried into effect reference will now be made to the following drawings. 

Brief Description of the Drawings 

[0013] Figure 1 is a block diagram of a processor embodied as an integrated circuit with 
an external memory; 

[0014] Figure 1 A is a block diagram illustrating initiator and target modules; 
[0015] Figure IB is a block diagram illustrating arbitration; 
[0016] Figure 2 shows the packet handling logic; 

[0017] Figures 3 and 4 are packet formats of request and response packets respectively 
conveyed by a communication path of the processor; and 

[0018] Figure 5 illustrates the opcode field of the request packet. 
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Description of the Preferred Embodiment 

[0019] Figure 1 illustrates an integrated circuit according to an embodiment of the 
invention. On each chip 11a central processing unit ( CPLH unrt-12 is connected to a 
plurality of modules M by a data and address path 1 5 arranged to carry bit packets in 
parallel form. The modules as well as the CPU unit 12 each include packet handling 
circuitry 2 used in the generation and receipt of bit packets on the path 15. The path 15 
is referred to herein as a packet router or routing bus. Two main types of packet are 
used on the data and address path 15, each including a destination indicator or address to 
indicate the required destination module connected to the path 15. The packets include 
request packets which are generated by an initiator module and response packets which 
are generated by a target module. A module may act as both an initiator and a target. 
Response packets are of two types, ordinary responses or error responses. These are 
discussed in more detail later. The modules M as well as the CPU unit 12 each packet 
handling circuitry 2 for handling packet formation and receipt of requests, ordinary 
responses and error responses. 

[0020] The routing bus 1 5 provides bi-directional connections to each module. In this 
example the bus consists of parallel request and response buses and a dedicated control 
bus provided respectively 

[0021] for each module so as to link the modules to an arbitration unit 22. Each module 
is connected to the routing bus via a port 4 and is provided with an interface 6 
incorporating a state machine so as to interchange control signals and data between the 
port 4 and the interface 6. 

[0022] Figure 1A is a block diagram illustrating relevant functional components of the 
chip of Figure 1 to illustrate the concept of targets and initiator modules. The modules 
are labelled labeled Ml, M2, M3 and M4 and may include any of the modules M already 
described with reference to Figure 1 . Modules Ml and M2 both have target and initiator 
functions as illustrated by the separate target and initiator parts of the interface 6 of each 
module. Module M3 acts only as an initiator and module M4 acts only as a target. 
Signals from the interfaces 6 are supplied to central control logic which forms part of the 
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arbitration unit 22. The arbitration unit 22 issues request routing controls control signals 
and response routing controls control signals to the routing bus network 15. 

[0023] In the example shown in Figure 1, the various modules 44-jVLinclude a debug 
module 30 which includes an external link 3 1 for transmitting packets across the chip 
boundar y (to. for example, host 60) . an external memory interface £EMQ 32 having an 
external bus connection 33 leading to an external memory 50, clock circuitry 34, various 
peripheral interfaces 35, a peripheral component interface £PCI} 37 with an external 
connection 38, a DMA unit 25 for effecting memory accesses as well as the arbitration 
unit 22. The CPU unit 12 includes a plurality of instruction execution units 40, a 
plurality of registers 41, and a cache 42. The CPU unit 12 also includes packet handling 
circuitry 2 connected to the execution units 40. The routing bus 15 is arranged to 
transmit to the modules M both request and response packets for effecting memory 
access transactions as discussed further herein. These packets may be generated by 
software as a result of instruction execution by a CPU or by hardware responsive to 
detection of a packet. Initiator modules may be autonomous and generate packets 
without software intervention. The packets may be generated on-chip and distributed on 
the bus 15 or generated off-chip and supplied to the on-chip bus 15 through an external 
connection such as the link 31 associated with the debug module 30. 

[0024] The CPUJ2 can be operated in a conventional manner receiving instructions 
from a program memory and effecting data read or write operations with the cache 42 
on-chip. Additionally external memory accesses for read or write operations may be 
made through the external memory interface 32 and bus connection 33 to the external 
memory 50. 

[0025] The debug module 30 provides an important external communication which may 
be used for example in debugging procedures. The on-chip CPU 12 may obtain 
instruction code (by memory access packets) for execution from an external source such 
as a debugging host 60 communicating through the link 31. Communications on the 
routing bus 15 are carried out in bit parallel format. It is possible to reduce the 
parallelism of packets obtained from the routing bus 15 so that they are output in bit 
serial format through the link 3 1 . 





[0026] Each packet is constructed from a series of cells or tokens, the end of the packet 
being identified by an end of packet (eop) si^alcell. The construction of the cells is 
discussed in more detail later. Briefly, each packet cell comprises a number of fields 
which charact e ris e characterize the packet. Each packet is transmitted by a source 
module and is directed to a destination module. An initiator can issue request packets 
and act on response packets. A target can receive and act on requests and issue 
responses. Thus, a source module may be an initiator or a target depending on the 
nature of the packet. The source module uses its associated port 4 to transmit a packet 
onto the routing bus 1 5 . The routing bus 1 5 arranges for the packet to be routed to the 
port associated with the destination module. The destination module then receives that 
packet from its associated port. The source and destination modules can be the same. 



[0027J A transaction is an exchange of packets that allows a module to access the state 
of another module. A transaction consists o f comprises the transfer of a request packet 
from a source module to a destination module, followed by the transfer of a response 
packet from that destination module (now acting as a responding module) back to the 
source module which made the original request. The request packet initiates a 
transaction and its contents determine the access to be made. The response packet 
completes the transaction and its contents indicate the result of the access. A response 
packet also indicates whether the request was valid or not. If the request was valid, a so- 
called ordinary response packet is sent. If the request was invalid, an error response 
packet is transmitted. Some modules act only as initiators and thus their packet handling 
circuitry is capable only of the generation of request packets. Some modules act only as 
targets fe.g.. module M4 in F igure 3). and therefore their packet handling circuitry 2 is 
capable only of generating response packet^ In that case, both ordinary responses and 
error responses can be generated. However, some modules are capable of acting both as 
initiators or as targets (e.g.. modules Ml and Mzsin Fie. 3\ and their packet handling 
circuitry is capable of generating both request and response type packets. 

[0028] A logic diagram for the relevant parts of a module capable of both these 
functions is shown in Figure 2. The packet handler 2 comprises request generator logic 
200, ordinary response generator logic 202, error response generator logic 204, request 
packet receiver logic 206, and response packet receiver logic 208. These are all under 
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the general functional control of a control logic block 210. A request packet is 
constructed by a requesting module when that module needs to make an access to a 
particular target module. As discussed more fully later, the address of the target module 
is recorded in the request packet destination field. The requesting module acts as a 
source of the request packet and sends that packet into the routing bus 15. The routing 
bus 15 arranges for that request packet to be routed from its source to its destination. 
The destination receives the request packet from the routing bus 15. The request packet 
receiver logic 206 checks whether or not the request is valid at 206a. If it is valid, an 
ordinary response packet is generated by the ordinary response generator logic 202 and 
the module services the requested access according to the information in the received 
request packet. If the request is not valid, the error response generator logic 204 
generates an error response packet. 

[0029] A response packet (ordinary or error) is constructed in order to reply to the 
request packet. The module which originated the request packet is recorded in the 
response packet's destination field. This is discussed more fully later. The responding 
module is the source of the response packet and sends that packet onto the routing bus 
15. This is done by the module interface 6. The response receiver logic 208 receives 
the response packet from the routing bus 15 and checks the response at 208a. If the 
response can be matched to the original request, the transaction is completed. 

[0030] The format of the multibit packets used on the routing bus 15 in the 
microcomputer are illustrated by way of example in Figures 3 and 4. Figure 3 shows the 
information carried by each request cell. 

[0031] Each packet is constructed from one or more cell framed using an end of packet 
(eop) signal. Each request cell comprises a 32-bit address field which indicates the 
destination address of the packet. In the described embodiment, an address comprises 
an 8-bit destination field 73 followed by a 24-bit offset field 63 which identifies a 
memory location within the destination. The offset information is present in request 
packets to identify the particular memory location at which the request is targeted. The 
destination field 73 is a 1-byte field used to route the packet to the destination or target 
module. A byte 74 conveys the opcode which identifies the nature of the requested 



WBQ-8(M08/OQ8t-» ilg68^1 



8 



I 



access. For example, the opcode can define a load word access for reading a register 
value and a store word access for writing a register value. The encoding of the opcode 
byte is discussed in more detail hereinafter. A SRC byte 99 is a source field which 
identifies the source module and which is used as a return address for a response packet. 
A TID byte 98 conveys a transaction identifier which is used by the requester to 
associate responses with requests. The TID enables a module to identify response 
packets corresponding to respective request packets in cases where a plurality of request 
packets have been sent before response packets have been received for each request 
packet. A 64-bit data field 71 holds data to be conveyed with the request. 

[0032] Figure 4 illustrates the construction of a response packet cell. If the response 
packet contains more information than a single cell, it is constructed from a sequence of 
cells framed using a response end of packet (R-EOP) signal. The response packet 
includes an opcode byte 85 which denotes the nature of the requested transaction, a byte 

84 which identifies the source module of the requesting packet which gave rise to the 
response and which acts as the return address for the response packet, a transaction 
identifier 98 and a data field 69. 

[0033] The opcode field 74 of a request packet has a number of different possible 
encodings to define the nature of the requested access. Bit 7 of the opcode is used to 
identify whether it is a request or a response packet however. With bit 7 set to one, the 
packet is a response and which bit 7 set to zero, the packet is a request. The opcode field 

85 of the response packet thus has bit 7 set to one in each case. In addition, bit 0 is set to 
zero if the response is a ordinary response (successful transaction), and is set to one if it 
is an error response. Thus, the opcode field can quickly and readily identify whether a 
packet is a request or a response and whether the response is an ordinary response or an 
error response. 

[0034] When a module has a packet to send to another module, for example from the 
CPU unit 12 to the EMI module 32, it first signals this by asserting a request signal ycq^ 
to a dedicated fine connecting that module to the central arbitration unit 22. Reference is 
made to Figure IB where Ml is the initiator module and M2 the target module. It also 
outputs an eight bit signal (DEST) on a destination bus to indicate to the arbitration unit 
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22 the intended destination of the packet it wishes to transmit. A module M which is 
able to receive a packet from the routing bus 15 will assert a grant signal ^gnt" to the 
central arbitration unit 22 regardless of whether a packet is available to be fed to that 
destination or not. When the central arbitration unit 22 determines that a module wishes 
to send a packet to a destination and independently the destination has indicated that it is 
able to receive a packet from the bus 15, the unit 22 arranges for the transfer to take 
place. The unit 22 asserts a -grant send- signal "gnt_sndll to the appropriate interface 6 
causing the sending module to put the packet onto the bus 15. The arbitration unit 22 
then asserts a -send- signal "snd" which signals to the receiving module that it should 
accept the transfers currently on the bus 15. The packet transmission concludes when 
the sender asserts an "end of packet send" signal concurrently with the last transfer of 
packet data on the bus 15. 

[0035] Although this description is made with reference to request packets, a similar 
arbitration mechanism applies for response packets. 

[0036] Figure 5 illustrates the bit encoding of the opcode field 74 for request packets 
illustrated in Figure 3. Bit 7 identifies the packet type, that is 4 whether the packet is a 
response or a request. With bit 7 set to one, this denotes that the packet is a response 
packet and with bit 7 set to zero this denotes that the packet is a request packet. 

[0037] Bits 0 to 3 identify the operation family which is encoded as illustrated in Table 
I. 



<0011> 


reserved 


<0100> 


readmodwrite 


<0101> 


swap 


<0110> 


reserved 


<0111> 


reserved 


<1000> 


cache operations 


<1001> 


load group operations 
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• 


<ioio> 


store group operations 


<ion - noo> 


reserved 


<HOl> 


reserved 


-^1 1 1 In. 

<1 1 1 1> 


lief*** /A ri ArtQrotirxn 

user aennea operanon 



TABLE I 



Each operation -family may be further qualified by an operation qualifier at bits 6 to 
4. For the operation load, store, readmodwrite and swap, bit 6 to 4 indicate the size 
of the data element the operation is working on. It uses a compact encoding 2 A " to 
represent the size. The values are defined as in Table EL 



<000> 


byte 


<001> 


2 byte 


<010> 


4 byte 


<011> 


8 byte 


<100> 


16 byte 


<101> 


32 byte 


<110> 


64 byte 



TABLE II 



[0038] This encoding provides a number of advantages as mentioned below. 

[0039] The use of a single bit, bit 7 to denote the difference between request packets 
and response packets allows multiplexed request/response traffic to be implemented 
while rapidly detecting the difference between a request packet and a response packet. 

[0040] The basic memory operations have bits 2 and 3 set to zero which allows them to 
be rapidly determined. These basic memory operations are load and store. 
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[0041] All normal memory operations, including basic memory operations have bit 3 
set to zero. This includes load, store, readmodwrite and swap. 



[0042] Complex operations such as the cache operations, load group operations and 
store group operations have bit 3 set to one. This information simplifies the design of 
peripherals thus reducing the decode complexity. 



[0043] The 8 bit opcode uniquely defines the operation to be carried out by the request 
packet without any "reference to the precise implementation of the system on which the 
packet is to be used. 



[0044] The operation types which are supported in the described embodiment are 
summaris e d summarized in Table III. 



oDeration 


name 


qualifiers 


comment 


primitive 
operations 


load 


address datum, 
mask, data 


most modules typically only 
require the load/store 4 bytes for 
32 bit systems, and load/store 8 
bytes in 64 bit systems 


store 


readmodwrite 


swap 


composite 
operations 


load group 


address datum, 
mask, data 


this gives a mechanism for a 
module to enforce groupings of 
data which contain more than a 
single word 


store group 


cache 

operations flush 
purge 


address, address 


these operations are targeted as 
hardware assist for coherency 
issues 


locally defined 


user operations 


user defined 


this allows system with specific 
need which are not addressed by 
standard operations to build 
custom operation types which 
can be supported transparently 
by the system 
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Table III 

In Table I, datum denotes the quantity of data/work the primitive operation is acting 
on. The qualifiers include packet qualifiers, such an address and mask as well as the 
operation qualifier defining the datum. The operations are defined in more detail in 
the following: 

Load M 

Bytes 
Definition 

[0045] Transfer a single aligned word of m bytes from the target to the initiator. 

[0046] Valid sizes for m are defined to be 2" were n is an integer in the range 0-6. 
Qualifiers 
address<31:n> 
address<n-l:0> 

mask<2 A n-l:0> 
r_data<8x2 n -l:0> 

ropcode 
Store M Bytes 
Definition 

[0047] Transfer a single aligned word of m bytes from the initiator to the target, 
overwriting the location at that address with the data transferred. 

[0048] Valid sizes for m are defined to be 2 n where n is an integer in the range 0-6. 



the address of the word to be accessed 

the address of the most critical byte within the word. This 
ensures the system will return the critical byte as part of the 
first cell in the response packet. 

the mask indicates which bytes with the word are significant 

data to be transferred, the significance of bytes within this field 
is inferred from the mask information 

result of operation 




Qualifiers 

addressOl :n> the address of the word to be accessed 

address<n-l:0> the address of the most critical byte within the word 

mask<2 A n-I:0> the mask indicates which bytes with the word are significant 

data<8x2 n -l: 0> data to be transferred 

RmodW M Bytes 

Definition 

[0049] Transfer the value of the aligned word of m bytes from the target to the initiator, 
leaving the target device "locked" until a second transfer from the initiator to the target 
completes, replacing the information held at that address in the target device. 

[0050] Valid sizes for m are defined to be 2 n where n is an integer in the range 0-6. 

Qualifiers 

address<31 :n> the address of the word to be accessed 

address<n-l:0> the address of the most critical bytes within the word 

mask<2 A n-l:0> the mask indicates which bytes with the word are significant 

data<8x2 n -l:0>: data to be transferred from the initiator to the target 

r_data<8x2"-l: 0> data to be transferred from the target to the initiator 

Swap M Bytes 
Definition 

[0051] Exchange the value of the single aligned word of m bytes from the initiator with 
the data held in the target location, returning the original target data to the initiator. 

[0052] Valid sizes for m are defined to be 2 n where n is an integer in the range 0-6. 





Qualifiers 



address<31:n>the address of the word to be accessed 



address<n-l:0>the address of the most critical byte within the word 



mask<2 A n-l:0> 



the mask indicates which bytes with the word are significant 



data<8x2 n -l:0> 



data to be transferred from the initiator to the target 



r_data<8x2 n -l:0>: data to be transferred from the target to initiator 

Load a Group of words of M bytes; Load Group 

Definition 

[0053] Transfer a group of single aligned words of m bytes from the target to the 
initiator. 

[0054] The group consists of a number of elements, each of which contains m bytes, 
valid values for m are 2 n where n is an integer in the range 0-6. 

Qualifiers 

g*address<31 :n>: the address of the word to be accessed 

g*address<n-l:0> the address of the most critical byte within the word 

g*mask<2 A n-l:0> the mask indicates which bytes within each word are 
significant 

g*r_data<8x2 n -l:0> data to be transferred, the significance of bytes within this field 



[0055] The group contains g* m bytes of data, and is complete when eop is asserted on 
the final cell of the final word to be transferred. 

[0056] The operation is a mechanism for the initiator to force the system to maintain a 
series of possibly unrelated operations as a single element. 



is inferred from the mask information 
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Store a Group of Words of M Bytes: Store Group 
Definition 

[0057] Transfer a group of single aligned words of size m bytes from the initiator to the 
target, overwriting the information at that address with the data transferred. 

[0058] The group consists of a number of elements, each of which contains m bytes, 
valid values for m are 2 n where n is an integer in the range 0-6. 

Qualifiers 

g*address<31 :n> the address of the word to be accessed 
g*address<n-l:0> the address of the most critical byte within the word 
g*mask<2*n-l:0> the mask indicates which bytes with the word are significant 
g*r_data<8x2 n -I:0> data to be transferred 

[0059] The group contains g* m bytes of data, and is complete when eop is asserted on 
the final cell of the final word to be transferred. 

[0060] This operation is a mechanism for the initiator to force the system to maintain a 
series of possibly unrelated operations as a single element. 

[0061] The complete encodings are given in Tables IV and V. 
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Primitive Operations - Table IV 



operation 


<7> 


bit<6:4> 


bit<3:0> 


reserved 


- 


— 


0000 










load byte 


0 


000 


0001 


load two bytes 


0 


001 


0001 


load four bytes 


0 


010 


0001 


load eight bytes 


0 


011 


0001 


load sixteen bytes 


0 


100 


0001 


load thirty-two bytes 


0 


101 


0001 


load sixty- four bytes 


0 


110 


0001 




- 


— 


— 


























reserved 


0 


— 


0110 


reserved 


- 


— 


0011 










store byte 


0 


000 


0010 


store two bytes 


0 


001 


0010 


store four bytes 


0 


010 


0010 


store eight bytes 


0 


011 


0010 


store sixteen bytes 


0 


100 


0010 


store thirty-two bytes 


0 


101 


0010 


store sixty-four bytes 


0 


110 


0010 










swap four bytes 


0 


010 


0101 


swap eight bytes 


0 


011 


0101 










reserved 


0 




0111 



[0062] Primitive operations are always built from a single request/response packet 
pair. 



Compound Operations - Table V 



operation 


<7> 


bit<6:4> 


bit<3:0> 










load group of bytes 


0 


000 


1001 


load group of two byte 
quantities 


0 


001 


1001 


load group of four byte 
quantities 


0 


010 


1001 


load group of eight byte 
quantities 


0 


011 


1001 


load group of sixteen byte 
quantities 


0 


100 


1001 


load group of thirty-two 
byte quantities 


0 


101 


1001 


load group of sixty- four 
byte quantities 


0 


110 


1001 


store group of bytes 


0 


000 


1010 


store group of two byte 
quantities 


0 


001 


1010 


store group of four byte 
quantities 


0 


010 


1010 


store group of eight byte 
quantities 


0 


011 


1010 


siore group oi sixteen oyie 
quantities 


n 


1 oo 


1 01 n 


biorc group ui iiiiriy-iwu 
byte quantities 


n 
\j 




1 01 0 


store group oi ininy-iwo 
byte quantities 


o 

V 


1 01 


1010 


store group of sixty- four 
byte quantities 


0 


110 


1010 
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